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Results  of  cavitation  inception  and  performance  tests  are 
presented  for  a  series  of  nodel  propellers  designed  using 
lifting -surface  procedures.  Open-water  performance  curves  are 
shewn  is  addition  to  cavitation  inception  2nd  cavitation  per- 
forsar.ee  data  obtained  in  the  HSRDC  24-inch  variable-pressure 
water  tunnel.  The  propeller  series  included  gearetrical 
variations  of  blade  area,  thickness,  skew,  and  section  aean- 
lines.  Photographs  are  presented  to  cospare  cavitation  os 
propellers  with  different  blade  areas  and  skew  and  operating 
at  identical  cavitation  mashers  and  advance  coefficients. 

In  open  water,  the  propellers  operated  near  their  design 
performance ,  indicating  that  the  procedure  used  for  calcu¬ 
lating  the  lifting-surface  corrections  is  satisfactory.  For 
very  large  blade  areas,  however ,  the  lifting-surface  pitch 
corrections  tended  to  be  high;  for  extremely  thick  blade 
sectiors,  the  pitch  corrections  due  to  thickness  were  too 
small  to  sufficiently  account  for  the  altered  flow  resulting 
from  thick  sections .  For  propellers  with  constant  choxdwise 
leading  (a  =  1.0  meanline) ,  no  suitable  Kxlificatior-  to  two- 
dimensional  section s  was  found  to  correct  for  the  increased 
viscous  effects  in  three-dimensional  flew. 
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In  recent  years,  considerable  improvements  have  been  made  in  marine 
propeller  design  procedures.  So  longer  must  the  designer  depend  cc  pure 
empirical  corrections  of  lifting- line  theoretical  results  to  approximate 
lifting-surface  effects  in  the  mathematical  model.  Methods  developed  by 
Kerwin,*  Pier,  and  Cheng, Cox,*  and  others  permit  the  lifting  surface  and 
its  influence  on  local,  flew  to  be  accounted  for  throughout  the  design 
procedure. 
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One  of  these  methods  was  chosen  for  the  des.'gn  of  a  series  of  three- 
bladed  propellers  for  use  in  unsteady  force  experiments  in  the  24-in.  water 
tunnel.  This  series  of  six  propellers  reoresented  three  variations  in  blade 
area,  two  in  blade  thickness,  two  in  chordwise  camber  distribution,  and  two 
in  skew.  Each  propeller  was  designed  for  optimum  performance  in  uniform 
flow.  The  propellers,  numbered  4113,  4119,  4132,  4133,  4142,  and  4143, 
were  designed  using  Lerbs  induction  factors^  with  thickness^  and  lifting- 
surface  influences  determined  by  the  Kerwin  method;  Kerwin  lifting-surface 
calculations  wars  used  in  the  designs  since  no  other  suitable  procedures 
were  available  at  the  time  the  study  was  initiated. 

Open-water  performance  tests  of  the  propellers  indicated  that  the 
dssigr-s  operated  near  their  desired  performance  and  that  the  series  merited 
a  more  cosplete  evaluation.  Accordingly,  cavitation  inception  and  per¬ 
formance  tests  were  conducted  in  the  NSRDC  24-in.  variable-pressure  water 
tusmel.  This  report  presents  the  results  of  both  the  cavitation  and  open- 
water  performance  tests.  Results  of  the  cavitation  tests  are  of  use  only 
in  giving  possible  information  on  the  adequacy  of  the  lifting-surface  cal¬ 
culations  since  the  propellers  were  not  designed  with  regard  to  cavitation 
performance. 

The  variation  in  the  propellers  tested  and  the  results  of  the  tests 
yielded  definite  information  concerning  the  parameters  of  blade  thickness 
and  blade  area  end  the  validity  of' the  Kerwin  treatment  of  these  two 
parameters*  These  results  are  discussed  in  detail  in  the  following  sections. 

DESCRIPTION  OF  1HE  PROPELLERS 

All  propellers  in  the  series  were  three-bladed  with  0.2  radius  hubs 
and  TMB-eodified  HACA-66  thickness  sections.  They  were  designed  to  be 
optissca  in  unifers  flow  and  to  produce  a  Hrust  coefficient  K_.  near  0.15 
at  a  design  advance  coefficient  .7  of  0.833.  A  section  drag  coefficient 
of  0.0085  was  assumed. 

Propeller  Model  4118  had  an  expanded  area  ratio  of  0.606  and  incor¬ 
porated  HaCa  a  =  0*8  sectional  mean  lines,  since  the  resulting  viscous 
effects  for  these  mean  lines  are  small.  This  propeller  served  as  the  parent 
propeller  of  the  seiies,  and  subsequent  designs  were  variations  from  its 
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basic  geometry.  The  raaial  distributions  of  section  length  end  thickness 
ratio  for  Propeller  4118  are  given  in  Tab3e  3.  A  drawing  of  the  propeller 
is  shown  in  Figure  1. 

Propeller  4119  (Figure  2)  was  identical  to  Model  4113  except  it  had 
twice  the  blade  thickness  of  the  parent  propeller  plus  an  additional  pitch 
correction  for  thickness.  Propellers  4132  and  4133  (Figures  3  and  4)  had, 
respectively,  one-half  and  twice  the  blade  area  of  the  parent  propeller. 

To  keep  the  stress  levels  equivalent,  the  radial  distribution  of  maximum 
thickness  of  Propeller  4132  was  yT" times  that  of  Propeller  4118  and  the 
thickness  distribution  of  Propeller  4133  was  1/  ]/~2  times  th  c  of  the  parent 

Propeller  4142  (Figure  5)  differed  from  4118  in  that  it  had  HACA 
a  =  1.0  sectional  mean  lines  plus  an  angle  of  attack  a^,  determined  by: 

a,  =  2.35  (C.)  •  K 

x  L 

7 

where  2.35(CL)  is  the  two-dimensional  angle  of  attack  which  for  the  a  = 

1.0  mean  line  is  due  to  viscous  efit^t*.  K  is  the.  easier  correction  co¬ 
efficient,  i.e.,  the  ratio  of  three-dimensional  camber  to  two-dimensional 
camber  calculated  in  the  Kerwin  method;  it  was  applied  in  the  calculation 
of  cij  in  an  attest  to  correct  for  the  three-dimensional  effects. 

Basic  differences  in  the  propeller  geometries  are  designated  in 
Table  2.  The  radial  distributions  of  pitch  and  casber  axe  presented  as 
ncndiaensicnal  quantities  in  Tables  3  and  4,  respectively,  and  the  pitch 
corrections  due  to  thickness  for  ail  the  propellers  are  shown  in  Table  5. 

Model  Propeller  4143  (Figure  6),  also  identified  in  the  tables,  was 
a  highly  skewed  propeller  and  was  initially  conceived  to  belong  to  the 
aforementioned  series.  It  had  tile  same  section  length  and  thickness  dis¬ 
tributions  as  the  parent  propeller  (4118)  but  was  skewed  15  deg  for  each 
one-tenth  radius  from  the  hub;  this  resulted  in  a  total  skew  at  the  tip  of 
120  deg.  However,  a  misinterpretation  of  skew  notation  in  the  computer 
program  input  produced  lifting -surf ace  angle  of  attack  corrections  which 
were  quice  different  from  those  appropriate  for  the  skewed  propeller. 
Discovery  of  the  designing  error  occured  after  completion  of  construction 
and  testing  and  after  check  calculations  were  made  with  the  Pien  method3 
and  Kerwir.:s  latest  design  program.  Ta1- le  6  cospares  pitch  distribution  of 
the  present  Propeller  4143  with  that  derived  for  the  correct  design. 
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PROCEDURE  AND  RESULTS 


Opwn-vater  testing  was  carried  cut  at  this  Center  with  the  propellers 
driven  ffcn  dcwnstreaa  and  counted  on  the  standard  propeller  boat.  Pro¬ 
peller  thrust  snd  torque  were  determined  over  a  range  of  advance  coefficients 
from  zero  to  1.30.  ??ater  speed  and  propeller  revolutions  were  sufficiently 
high  to  produce  a  aicifsus  Reynolds  nuEber  at  the  0.7  radius  of  5.0  x  10? 
Open-water  perforsatce  curves  for  the  six  propellers  are  shown  in  Figures  7- 
12.  Table  7  cospares  the  experimental ly  determined  performance  of  each 
propeller  with  its  predicted  performance.  The  comparisons  were  made  using 
the  sondimeasionsl  coefficients  of  thrust  K^.,  torque  K^,  and  efficiency  »o 
which  were  determined  while  the  propellers  were  operating  at  design  J  = 

0.833. 

As  mentioned  before,  the  predicted  performance  was  based  on  calcu¬ 
lations  using  section  drag  coefficients  equal  to  0.0085.  A  reanalysis  of 
propeller  designs  was  carried  out  using  the  best  available  drag  data0  which 
consider  section  thickness-chord  and  section  caaber  ratios.  This  check 
indicated  that  except  for  Propeller  4133,  the  design  thrust  coefficients 
(Table  7}  were  within  0.5  percent  of  the  later  calculations.  The  thrust 
coefficient  calculated  for  4133  using  the  section  drag  data  was  1.5  percent 
greater  than  that  determined  using  a  constant  =  0.0085.  Torque  co¬ 
efficients  calculated  using  the  better  drag  data  were  less  than  those  shown 
in  Table  7.  They  were  as  follows:  (4118),  -  2.5  percent;  (4119), 

-  1.8  percent;  (4132),  -  0.2  percent;  (4133),  -  5.1  percent:  (4142), 

-  2.5  percent;  (4143),  -  1.3  percent.  The  accuracy  of  the  open-water 

tests  shcald  also  be  mentioned.  Error  in  the  advance  coefficient  is 
negligible.  Quoted  values  of  the  thrust  and  torque  at  a  particular  advance 
condition  axe  within  2.0  percent  of  the  true  value  when  considering  both 
the  dynamometer  accuracy  and  the  possible  error  in  reading  the  dynacoseter. 
Fairing  of  the  data  in  the  open-water  curves  produces  even  greater  accuracy. 


is  rather  a  severe  gears  of  ccspsring  design  and  experimental  performance. 

In  the  practical  case,  a  ship  operates  at  neither  constant  J  nor  constant 
Kp  but  rather  approximately  at  a  constant  thrust  coefficient  CLj,  which  is 
proportional  to  3Cj./J?  The  propellers  ore  ccapared  on  this  basis  in  Table  8. 
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Cavitation  inception  and  performance  testing  was  conducted  in  the 
24-m.  water  tunnel  with  the  propellers  mounted  on  the  downstream  shaft  and 
in  the  open-iet  test  section.  The  aluminum  constructed  propellers  were 
anodized  and  dyed  black  and  had  each  0.1  radius  marked  in  white  to  facili¬ 
tate  cavitation  inception  visualization.  Thrust  and  torque  were  measured 
with  the  150-hp  dynamometer  and  water  speeds  in  the  tunnel  tests  were 
determined  by  establishing  a  thrust  identity  with  the  open-watev  test 
results.  Throughout  the  cavitation  inception  and  performance  testing, 
water  speeds  were  in  the  range  of  8.0  to  15.0  ft/sec  and  propeller  revolu¬ 
tions  were  set  between  20  and  25  rps. 

Inception  points  at  each  advance  condition  were  established  by 
setting  constant  water  speed  and  propeller  revolutions  and  then  decreasing 
tunnel  pressure  until  cavitation  developed.  Static  pressure  values  entering 
into  the  calculation  of  cavitation  number  are  those  pressures  at  the  pro¬ 
peller  shaft  line.  During  the  runs,  air  content  was  maintained  between  16 
and  30  percent  of  saturation  at  atmospheric  pressure. 

Since  a  thrust  identity  with  the  open-water  test  results  was 
necessary  for  determining  tunnel  water  speed,  a  sizeable  error  could  result 
in  the  determination  of  the  cavitation  number  for  ar.  experimental  con¬ 
dition.  If  a  Eaxisus  error  of  2.0  percent  in  thrust  is  assumed  in  setting 
a  desired  thrust,  a  similar  percentage  error  in  water  speed  is  possible. 

This,  entered  into  the  calculation  of  the  cavitation  number,  could  produce 
a  possible  maximum  error  of  4.0  to  5.0  percent,  considering  errors  in 
pressure  Eeasuresent  and  rpa  to  be  neglibible. 

The  inception  curves  (Figures  13  to  18)  show  the  extent  of  radial 
cavitation  from  the  tip  as  a  function  of  advance  and  cavitation  number. 

These  curves  shew  the  occurrence  of  face  (pressure  side)  cavitation  at  the 
higher  advance  conditions  and  bach  (suction  side)  at  lower  advances.  The 
area  aDcve  a  curve  indicates  that  no  cavitation  was  present  at  the  designated 
radius  for  the  particular  value  of  advance  and  cavitation  number.  At  and 
below  a  radial  inception  curve,  cavitation  was  present  and  the  intensity 
increased  with  a  decrease  in  c.  The  entire  system  of  curves,  therefore, 
enables  one  to  determine  the  extent  of  cavitation  at  any  value  of  advance 
and  cavitation  number  within  the  range  presented. 
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Curves  designated  IVTV  denote  the  inception  of  visual  tip  vortices. 
For  all  the  propellers  tested,  cavitation  of  the  vortices  first  appeared 
dovnstreaa  and  later  becsse  attached  to  the  propeller  blade  tips.  The 
eventual  attachment  of  the  vortices  tc  the  propeller  was  recorded  as  the 
x  »  1.0  inception  curve. 

Bach  cavitation  was  sainly  sheet  cavitation  and  sost  frequently- 
developed  at  the  leading  edge  of  the  blade.  Intermittent  bubble  cavitation 
occurred  occasionally  on  the  propellers  at  high  advance  ratios  and  very 
lew  cavitation  mashers,  and  no  attespt  was  aade  to  systematically  record 
it. 

During  cavitation  inception  tests  of  the  Propellers  4118,  4132, 

4135,  ssd  4143  (Figure  15),  thrust  and  torque  breakdown  due  to  cavitation 
trss  recorded.  Figures  20  through  23  shew  the  thrust  and  torque  coefficient 
curves  over  a  range  of  J  for  cavitation  nusfcers  of  10.0,  5.0  and  2.0. 

These  values  are  superiapesed  oa  these  thrust  and  torque  curves  of  the 
Sen cavi taring  open-water  tests  of  each  propeller.  Photographs  of  the  four 
propellers  are  shown  in  Figures  24-28  during  operation  at  several  of  the 
abuYS-atmtiored  conditions. 


DISCUSSION 


Comparisons  between  design  predictions  and  open-water  test  results 
(Tables  7  and  8)  indicated  that  Propellers  4118,  4119,  and  4131  were 
slightly  underpitched.  Propellers  4118  and  4132  produced  thrust  and  torque 
values  at  advance  coefficients  near  design  which  were  within  the  accuracy 
of  the  design  calculations,  the  experiments,  and  the  manufacturing  tol¬ 
erances.  However,  open-water  test  results  for  the  double-thickness  pro¬ 
peller  (4119)  showed  a  discrepancy  greater  than  could  be  attributed  to 
these  possible  inaccuracies.  Since  the  only  geometric  differences  between 
Models  4118  and  4119  are  the  section  thicknesses  and  tr.e  section  pitch 
corrections  due  to  thickness,  it  can  be  assumed  that  these  theoretical 
corrections^  are  not  sufficiently  large  to  completely  account  for  the 
altered  inflow  when  thick  sections  exist.  For  the  thicker  sections,  this 
night  be  expected  since  the  calculations  are  based  on  linearized  theory. 

At  the  design  advance  coefficient.  Propeller  4133  developed  higher 
thrust  (4.5  percent)  and  torque  (3.8  percent)  than  that  aimed  for  in  its 
design,  although  rp_n  at  the  design  Cj  was  1.0  percent  lower  than  the  design 
value.  Calculations  made  with  the  Bore  accurate  section  drag  data  indi¬ 
cated  that  the  thrust  K^.  should  be  1.5  percent  greater  at  the  design  con¬ 
dition;  Vowever.  the  sase  calculations  predicted  the  torque  coefficient  to 
be  5.1  percent  less.  These  results  indicate  that  the  theoretical  lifting- 
surface  corrections*  say  be  too  large  for  very  wide  blades,  particularly  in 
view  of  the  generally  opposite  trend  of  the  included  thickness  correction. 

Propeller  4142  with  KACA  a  =  1.0  sectional  sean  lines,  was  approxi¬ 
mately  10.4  percent  lew  in  thrust  and  9.0  percent  low  in  torque  at  design 
J.  At  the  design  the  rpa  was  2.6  percent  high.  The  results  clearly 
indicate  that  the  attempt  to  determine  a  viscous  correction  for  the  a  =  1.0 
sean  line  was  not  successful. 

In  the  inception  curves  (Figures  13  and  14) ,  back  and  face  cavi¬ 
tation  on  Propeller  4119  occurs  over  a  Eajcrity  of  the  blade  radii  at  lower 
o  values  than  on  Propeller  4112  for  corresponding  high  or  low  advance  con¬ 
ditions.  This  is  attributed  to  the  presence  of  the  wider  aini jsjs*.  pressure 
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envelopes  for  the  thicker  sections  of  Propeller  4119  for  significant 
positive  or  negative  angles  of  attack. 
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Cavitation  inception  data  showed  seall  differences  in  radial  in¬ 
ception  versus  csii.tJt.tion  nuaber  asong  Propellers  4118,  4132,  and  4133.  At 
design  advance  or  below,  the  wids-bladed  4133  generated  tip  vortices  at 
slightly  lower  a  valued  than  the  parent  propeller  (4118)  and  those  generated 
by  the  narrcw-bladed  *132  appeared  at  higher  a  values  than  for  the  parent. 
For  *radii  near  the  buj,  back  cavitation  appeared  on  Propeller  4132  at  lower 
Cavitation  numbers  than  for  the  other  two  propellers-  Because  it  was 
slightly  cverpitched,  face  cavitation  on  Propeller  4133  occurred  at  lower 
o  values  than  for  the  parent  propeller. 

As  a  result  of  beins  underaitched.  Protseller  4142  exhibited  Jess 
—  »  •  * 

bade  cavitation  and  sore  face  cavitation  than  did  the  parent  for  identical 
advance  coefficients  sad  cavitaticn  numbers.  Tests  of  the  highly  skewed 
propeller  (4143)  gave  the  aost  favorable  inception  curves  of  all  the  pro¬ 
pellers.  For  all  types  of  cavitation,  the  inception  curves  varied  less 
wilh  speed  coefficient  than  for  the  other  propellers.  The  IVTV  curve  for 
this  propeller  was  higher  at  the  design  speed  coefficient  but  this  was 
probably  because  of  the  inadvertently  high  loading  near  the  blade  tip. 

Thrust  and  torque  aeasurestents  taken  «.  ing  the  tunnel  testing  for 
Propellers  4118,  4132,  4133,  and  4143  f Figures  20-23)  shewed  varying  degrees 
of  fall-off  because  of  cavitation  at  cavitation  rarsbers  of  2.0,  5.0,  and 
Ifi.O,  As  expected,  b/.-csuse  of  blade  area.  Propeller  4153  suffered  the 
least  percentage  fall-off  in  both  thrust  and  torque  for  ail  the  values  of 
0;  Propeller  41,32  suffered  the  greatest.  The  highly  stewed  Propeller  4143 
had  percentage  fall-off  at  all  a  values  comparable  to,  if  not  scsewhat  less 
tiv/a,  the  parent  4118. 

With  the  exception  of  Propeller  4143,  the  cavitation  os  the  pro¬ 
pellers  showed  no  unusual  trends.  The  lifting-surf  see  corrections  are  not 
ideal  for  thick  sections  and  for  very  large  blede  areas,  but  froa  the 
results  of  the  cavitation  tests,  the  radial  distributions  of  the  corrections 
appear  good. 

All  of  the  propeller  designs  were  recalculated  using  both  the  new 
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JCerwin  propeller  design  pregraa  anc  the  Cheng  prog  res  described  in 
Reference  3.  Soae  differences  were  noted,  but  they  should  not  significantly 
affect  these  cespaxisoss. 
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In  the  performance  analysis  cf  the  highly  skewed  propeller  (4143), 
several  points  should  be  aade.  First,  although  a  considerable  error  was 
cade  in  designating  the  final  design  pitch,  the  thrust  and  torque  co¬ 
efficients  free  the  open-water  tests  were  only  9  to  15  percent,  respectively, 
away  froa  design  at  :  =  0.S33.  This  was  a  2-percenv  error  in  rps  at  design 
C_.  Before  the  availability  of  lifting-surface  design  procedures,  even 
that  degree  of  accuracy  would  not  have  been  expected  when  designing  rev 
extensive  skew.  A  properly  derived  pitch  distribution  should  yield  a 
further  isprovesent  in  performance. 

Secondly,  frcs  the  cavitation  inception  curves  of  Figures  13  and  18, 
it  can  be  seen  that  except  for  the  inception  of  tip  vortices.  Propeller  4145 
yielded  better  back  cavitation  characteristics  at  all  radii  and  advance  co¬ 
efficients  than  the  nonskeved  parent  propeller.  In  addition,  the  inception 
characteristics  would  probably  have  been  improved  even  core  bad  the  appropriate 
pitch  distribution  been  used  since  this  would  have  iieart  a  considerable 
reduction  in  pitch  of  the  blade  near  the  tip. 

An  understanding  of  the  cavitation  characteristics  of  the  highly 
skewed  propeller  cesses  fros  plentiful  data  related  to  flow  characteristics 
ca  swept  wings.  First,  exa-aine  the  pressure  distribution  on  a  wing  ox  blade 
of  considerable  sweep  or  skew  and  at  very  low  angles  of  attack.  It  is 
coEnconly  accepted  that  the  pressure  distribution  on  such  a  surface  is  in¬ 
fluenced  by  the  extent  of  sweep  or  skew.  Briefly,  for  wings  of  unifora 
cross  section, 11  the  Biairna  pressure  is  a  direct  functioa  of  the  component 
of  inflow  velocity  noraal  to  the  leading  edge.  This  is  not  purely  calcu¬ 
lable,  however,  since  although  the  sweep  angle  is  known,  the  thickness  chord 
ratio  of  the  section  acted  upon  by  the  velocity  component  is  altered,12 
which  further  affects  the  gjnizna  pressure.  In  addition,  the  flew  on  the 
two-disensiesa!  wing  is  truly  three-diaesjsioncl  and  the  degree  of  deflection 
in  the  streaxiines  over  the  foil  is  a  ccspiicated  function  of  the  extent  of 
sweep. 

An  even  sore  craslex  flow  poenosenen  arises  for  swept  wings  or 
blades  at  high  angles  of  attack.  Here,  flow  separation  enters  into  the 
factors  influencing  lift  and  the  resulting  induced  pressures  and  veloc ' ties . 


For  finite  angles  of  attack,  separation  occurs  quite  readily  at  the  leading 
edge  cf  svept  wings  and,  in  conjunction  with  the  sweep,  the  separation 
.Initiates  the  formation  of  a  vortex  sheet.  This  vortex  sheet  curls  ever 
the  wing,  say  or  say  not  reattach  on  the  wing,  and  say  or  aay  not  begin  to 
dissipate  at  the  wing  surface.  Reattachnect  of  the  vortex  sheet  to  the 
wing  cm  considerably  increase  lift*'5  vhereas  dissipation  of  the  vortex 
sheet  can  produce  large  drag  forces .  In  any  instance,  the  vortex  sheet 
ferns  readily  in  the  pretence  of  sweep  and  can  definitely  produce  abnormal 
radial  flow  on  the  blade:  in  the  case  of  a  sarine  propeller. 

CONCUjSIGKS 

Pexfbzsanco  tests  reported  here  indicate  that  the  lifting -surface 
propeller  design  procedure  developed  by  JCerwin  is  satisfactory.  As  sectioned 
before,  the  propellers  of  series  were  developed  for  use  in  fluctuating 

force  *easuresents  sad  do  net  necessarily  represent  the  nonxal  gecnetii.es 
expected  in  a  asrixte  propeller  design.  For  instance,  one  would  not  expect 
to  incorporate  into  a  specific  propeller  design  the  large  section  thickness 
characteristics  of  Propeller  *119  or  the  extreme  blade  areas  of  Propellers 
41 3k  and  4133. 

The  following  conclusions  can  be  made  frost  experimental  investi¬ 
gations: 

1.  The  test  results  of  Propeller  4113  and  its  double-thickness  counterpart 
41X9  indicate  that  the  incidence  correction  to  pitch  because  of  thickness 
as  cetcrsdstd  in  the  Xerwin  procedure  is  not  large  enough  to  account  for 
the  altered  secticaal  inflow  resulting  fro®  thick  blades,  ikswever,  for  the 
design  C_,  the  xpo  was  only  l.C  percent  high  for  the  thicker  propeller. 

2.  Propeller  4133  was  overpitched  but  at  design  C^,  it  operated  only  1.0 
percent  below  the  design  rps.  It  car.  be  assured  that  high  pitch  resulting 
iron  the  design  procedure  is  axe  to  the  large  blade  area  of  the  propeller. 

3.  Propeller  4142,  with  HACA  a  =  1.0  sectional  mean  lines,  was  considerably 
undcrpitcaed.  The  necessary  codifications  of  the  tvo-dineasionsl  sections 
to  correct  for  the  increased  viscous  effects  in  chree-diaeasicaal  flow  are 
cot  predictable. 


4.  Despite  a  design  error.  Propeller  4143  displayed  reduced  cavitation  at 
lev  advance  coefficients,  when  cospare-i  to  parent  Propeller  411S.  Should 
correctly  designed  highly  skewed  propellers  achieve  predicted  perforaance, 
then  the  reduced  cavitation  at  low  advance  conditions  sakes  the  application 
of  high  skewed  propellers  a  worthwhile  area  to  explore.  These  facto-s. 


together  with  the  advantages  of  reduced- 
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wake  operation.*^  warrant  sore  intensive 


hrust  ar.d  torque  fluctuations  in 
investigation  into  the  phenomena 


involving  skewed  propellers. 
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Figure  17  -  Cavitation  Inception  Curves.  Propeller  4142 
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25  -  Propeller  Back  Cavitation 


TABU:  1 

Propeller  4118  Geometry 


X 

c/D 

t/D 

0.20 

0.3200 

0.0439 

C.  30 

0.3635 

0.0282 

0.40 

0.4048 

0.0239 

0.50 

0.4392 

0.0198 

0.60 

0.4610 

0.0160 

0.70 

0.4622 

0.0125 

0.80 

0.4347 

0.GGS1 

0.90 

0.3613 

0.0060 

0,95 

1.00 

0.2775 

0.0045 

TABLE  2 


Propeller  Geosetry  Variations 


Propeller 

ftosber 

m 

4119 

4132 

4143* 

No.  of  Blades 

3 

3 

3 

i 

3 

3 

3 

Expanded  Area 
Ratio 

0.606 

0.606 

0.303 

1.212 

0.606 

0.606 

Kear.  Width 

Ratio 

0.397 

0.397 

0.1S9 

0.7S4 

0.397 

0.397 

Blade  Thickness 
Fracti on 

0.040 

0.080 

0.057 

i 

0.G28 

0.040 

0.040 

KACA  Heanline 

0.8 

0.8 

0.8 

0.8 

1.0 

0.8 

P/0  at  0.7R 

1.077 

1.084 

1.086 

1.073 

1.088 

1.071 

Diaaeter 

(inches) 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

♦Propeller  4143  had  15  deg  of  skew  per  0.1  radius  for  a  total  skew 
of  tip  =  120.0  deg 


TABLE  3 

?/D  Distributions 


X 

Propeller 

4118 

Propeller 

4119 

Propeller 

4132 

Propeller 

4133 

Propeller 

4142 

Propeller 

4143 

0 >2 

1.086 

1.105 

1.090 

1  077 

1,097 

0.925 

0.3 

1.084 

1.102 

1.093 

1.077 

1.095 

0.932 

C.4 

1.062 

1.U98 

1.094 

1.076 

1.592 

0.254 

0.5 

i.oeo 

1.093 

1.091 

1.075 

1.088 

5.591 

0.6 

1.078 

1.088 

1.083 

1.074 

1.088 

1.032 

[0.7 

1.077 

1.0S4 

1.086 

1.073 

1.088 

1.071 

0.8 

1.675 

1.081 

1 .085 

1.073 

1.C89 

1 .120 

0.9 

1.073 

1*078 

1.084 

1.073 

1.090 

1.181 

Li® 

1.070 

1.075 

1.084 

1.073 

1.091 

1.240 

V 


TABLE  4 


CQ/c  Distributions 


X 

Propeller 

4118 

Propeller 

4119 

Propeller 

4132 

propeller 

$133 

— - 

Propeller 

4142 

Propeller 

4143 

0.2 

0.0224 

0.0224 

8.0355 

0.0190 

0.0212 

0.0369 

JB.3 

0.0232 

0.0232 

0.Q385 

0.6202 

0.0204 

0.0382 

0.4 

0.0233 

0.0233 

0.0390 

0.0204 

0.01 99 

0.03S8 

0,5 

6.0218 

0.0218 

0.0357 

0.0! SO 

0.0184 

0.0362 

0.6 

Q.02r 

0.0207 

0*0324 

0.0180 

0.0178 

0.0345 

0.7 

0.0200 

0.0200 

0.0301 

0.0173 

0.0174 

0.0331 

0.8 

0.0197 

0.0197 

0.0282 

0.0166 

0.0173 

0.0316 

0.9 

0.0182 

0.C182 

0.0259 

0.0153 

0.0167 

0.0289 

,1.0 

0.0167 

0,0167 

0.0235 

0.0140 

0.0756 

0.0256 

TABLE  5 


a^.  Pitch  Correction  Due  to  Thickness 


Propeller  Propeller  Propeller  |  Propeller  Propeller  Propeller 


0.476 

0.456 


0.306 


0.225 

0.162 


0.115 

0.0S0 


0.075 


0.S52 

0.912 


G.247 

0.305 


Q.349 

0.325 


0.476 

0.456 


0.790 

G.612 


i  0.380 
I  0.250 


i  0.295 
|  0.261 


i  0.395 
0.306 


0.450 

0.324 


0.196 

0.151 


0.224 

0.187 


0.225 

0.162 


C.2.30 

0.180 


0.116 

0.098 


0.148 

0.119 


0.090 


0.150 


0.080 


0.100 


TABLE  6 


Pitch  Error,  Propeller  4143 


Existing  P/0 


Correct  P/0 


0.925 

0.932 

0.954 

0.991 

1.032 

1.071 

1.121 

1.181 

1.240 


1.225 

1.204 

1.166 

1.119 

1.072 

'.026 

0.979 

0.920 

0.904 


0.431 

0.356 


i  0.283 
|  0.215 


0.157 

0.114 


0.084 

0.062 


0.075  !  0.015 
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TABLE  8 

Open -Water  Perforaaace  at  Design  Thrust 


0- 


0,850 


+2.0 


REFERENCES  • 


i.  Aerwin,  J.E.,  "The  Solution  of  Propeller  Lifting  Surface 
Probless  fey  Vortex  Lattice  Methods,"  Doctoral  Thesis  subaitted  to  Dept,  of 
,-Ksyai  Arch,  and  Marine  Eng. ,  MTT  (1961) . 

^  ‘  2.  Cheng i  H.M. ,  ’Tfydrodynaaic  Asrect  of  Propeller  Design  Based  on 

c- 

Lif tinj-Surface  Theory,  P^rt  I,  Uni  fora  Chordvise  Load  Distribution,”  David 
Try  lor  Ifcdei  Basis  Report  1802  (Sep  1964). 

3.  Cheng,  H.H. ,  "Kydrcdynaaic  Aspect  of  Propeller  Design  Based  on 
ISftip^-Sarftct  Theory,  Part  II,  Arbitrary  Chordsrise  Load  Distribution," 

Taylor  Model  Basin  Report  1803  (Jun  196S). 

4.  Cox,  G.6. ,  "Correction  to  the  Caaber  of  Constant  Pitch  Pro- 
filers,”  (Juaxterly  Trans.  Royal  Institute  of  Naval  Architects  (1961). 

5.  Lerts,  3.*.,  "Moderately  Loading  Propellers  with  a  Finite 
ySapfcfx  ef  Blades  and  an  Arbitrary  Distribution  of  Circulation,”  Trans. 

SittE,  Yol.  50  (135 Z) ,  pp.  73-117. 

6.  Xsrvia ,  J.£.  and  Leopold,  R.,  "Propeller-Incidence  Correction 
Blade  TMcfcaess,"  J.  Sdp  Research,  Yol.  7,  So.  2  (Get  1953). 

;j:-_  :  7.  Ecshcrdt,  M.S.  and  Morgan.  M.B.,  "A  Propeller  Design  Method,” 

vsSjbg&x  SSHC.  7ci.  63  (1955),  pp.  32S-374. 

8-  Jacobs,  E.H.  et  aJL,  "The  Characteristics  of  78  Related  Airfoil 
'  Secticns  fro*  Tests  in  the  Variable-Density  Mind  Tunnel,"  National  Advisory 
'i~y2&miLZt£iB  for  Aeronautics  Report  469  (  1952  ) . 

3.  Brvckett,  T. ,  "Minima  Pressure  Envelopes  for  Modified  KACA-66 
Sections  with  HACA  a  «  0.8  Csafcer  and  BuShips  Type  I  and  Type  II  Sections," 
David  Taylor  Model  Basin  Report  1780  (Feb  1966) . 

IS.  S&xvin,  J.EV  and  Leopold,  R. ,  "A  Design  Theory  for  Subcavitatiag 
Prt^eUers,"  Trans.  SXA1£,  Vol.  72  (1964). 

11.  Thajaites,  B.  (editor),  "Incc^ressibie  Aerodynaai cs , 1  *  Clarendon 
fess,  Oxford  (I960). 


44 


12.  Pfleiderer,  C.,  "Die  Kreiseipunper.  fur  Fiussigkeiten  und  Case." 
Springen-Verlag,  Berlin-Gottingen-Heiderberg  (1S61),  pp.  338-340. 

13.  Jones,  R.T.,  "Effects  of  Sveepback  on  Boundary  Layer  and 
Separation,"  National  Advisory  Ccenittse  for  Aeronautics  Report  884  (1947). 

14.  Boswell,  R.J.  and  Miller,  M.L.,  "Unsteady  Propeller  Loading 
-Measurement ,  Correlation  with  Theory,  and  Parametric  Study,"  Havai  Ship 
Research  and  Development  Report  2bi5 


45 


IKCU.5SIFIED 


Sr<"ti«*rT  Oat *> ^ -a»ioq 


/J^carffr  rlc<ci/ie« 


DGCUWEMT  CCHTROL  DATA  -  R  L  0 

i  ml  03*  bo&r  «/  <^4  t*(t  otO  Mtv>  m**to  CW  fm<£  ■< 


|«.  Miumatimc  ITcT^Tt  ^C«*7*n^»  iw6cr} 

Kavsl  Slip  Research  sad  Development  Center 
Washington,  D.C.  20007 _ 


i».^c^o«r  ccaiwuc**'^ 

UNCLASSIFIED 


Uv  C*OV* 


lx  nwT  t*ti.c 


I  CAVITATION  AMD  OP  EH -WATER  PERFORMANCE  TESTS  OF  A  SERIES  OF  PROPELLERS  DESIGNED  BY 

LI  FTIKG -SURFACE  METHODS 


4.  CtK^TUt  ■cO?S*  fT»>  •/  rrport  •*!  todwm  £***•) 

Final  report 

A>tK»ai  (lini  him.  uSi  wo*t  u«  wn, 


Stephen  B.  Denny 


f 

V  ■1TOWT  OATS 

September  1968 

J*.  T07XK.  »*c  or  »A3tJ 

54 

- - - 

n.  ho  c*  *c»t 

14 

U.  CCMTKACT  C»AM  r  HO 

*■  Subproject  S-RD09  01  01 

^Problea  Kiober  S26-S06 

c. 

Ml  OKOXITOrl  at'e.?  HMitm 

2878 

■  • 

W.  OTvtC*  1CP04T  HOtJ>  f.iey  «Acf  mmtod  »i  3Uf  *Cf  ^ 
report) 

it.  onrmunca  iriTOoif 

This  doa*ent  is  subject  to  special  export  controls  and  each  transmittal  to  foreign 
goverermts  or  foreign  nationals  nay  be  nade  only  with  prior  approval  of  *r''= 1  Ship 
Research  and  Developaent  Center.  Code  SOO. 

13.  JO>n.-0»t»TA*T  wore* 

tx  WWTMV  *CT*«T» 

|tx  «uTi4C  r 

Eesuits  oi  cavitaticc  imception  and  performance  tests  axe  presented  for  a 
series  of  nodel  propeller*  £?.sigaed  using  lifting-surface  procedures.  Open- 
water  performance  curves  are  shears  in  addition  to  cavitation  inception  and 
cavitation  performance  data  obtained  ,'n  the  NS£X  24- inch  variscle -pres sure 
vater  tunnel.  The  propeller  series  intluded  gecsetrical  variations  of  blade 
area,  thickness,  skew,  aivi  ttKicn  naan  lines .  Photographs  are  presented  to 
ccopaxe  cavitation  on  propellers  with  different  blade  areas  and  skew  and 
operating  at  identical  cavitation  ambers  and  advance  coefficients.'-  '  •.d — . 

In  open  water,  the  propellers  operated  near  their  design  perferaar.ee , 
indicating  that  the  prccedsrre  used  for  calculating  the  lifting-surface 
corrections  is  satisfactory.  For  very  large  blade  areas,  however,  the 
lifting-surface  pitch  corrections  teamed  to  be  sigh;  for  extremely  thick  blade 
section,  the  pitch  corrections  due  to  thickness  were  too  snaii  to  sufficiently 
account  for  the  altered  flow  resulting  free  thick  sections.  For  propellers 
with  constant  chordvise  loading  (a  =  i.O  seas  line},  no  suitable  modification 
to  tvo-dinensionai  sections  was  found  cc  correct  for  the  increased  vis ecus 
effects  in  threo-cisensicnai  flow. 
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